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ORIGINAL ARTICLE INFECTIOUS DISEASESUnexpectedly high prevalence of Treponema pallidum infection in the oral
cavity of human immunodeﬁciency virus-infected patients with early
syphilis who had engaged in unprotected sex practicesC.-J. Yang1,2, S.-Y. Chang3,4, B.-R. Wu3, S.-P. Yang5, W.-C. Liu6, P.-Y. Wu5, J.-Y. Zhang5, Y.-Z. Luo5, C.-C. Hung6,7,8 and
S.-C. Chang6
1) Department of Internal Medicine, Far Eastern Memorial Hospital, 2) Department of Healthcare Administration, Oriental Institute of Technology, New Taipei
City, 3) Department of Clinical Laboratory Sciences and Medical Biotechnology, National Taiwan University College of Medicine, 4) Department of Laboratory
Medicine, National Taiwan University Hospital and National Taiwan University College of Medicine, 5) Centre of Infection Control, National Taiwan University
Hospital, 6) Department of Internal Medicine, National Taiwan University Hospital and National Taiwan University College of Medicine, Taipei, 7) Department of
Medical Research, China Medical University Hospital and 8) China Medical University, Taichung, TaiwanAbstractBetween 2010 and 2014, we obtained swab specimens to detect Treponema pallidum, with PCR assays, from the oral cavities of 240
patients with 267 episodes of syphilis who reported engaging in unprotected sex practices. The detected treponemal DNA was
subjected to genotyping. All of the syphilis cases occurred in men who have sex with men (MSM), and 242 (90.6%) occurred in
human immunodeﬁciency virus-infected patients. The stages of syphilis included 38 cases (14.2%) of primary syphilis of the genital
region, 76 (28.5%) of secondary syphilis, 21 (7.9%) of primary and secondary syphilis, 125 (46.8%) of early latent syphilis, and seven
(2.6%) others. Concurrent oral ulcers were identiﬁed in 22 cases (8.2%). Treponemal DNA was identiﬁed from the swabs of 113
patients (42.2%), including 15 (68.2%) with oral ulcers. The most common genotype of T. pallidum was 14f/f. The presence of oral
ulcers was associated with identiﬁcation of T. pallidum in the swab specimens (15/22 (68.2%) vs. 98/245 (40.0%)) (p = 0.01). In
multivariate analysis, secondary syphilis (adjusted OR 6.79; 95% CI 1.97–23.28) and rapid plasma reagin (RPR) titres of 1: 32
(adjusted OR 2.23; 95% CI 1.02–4.89) were independently associated with the presence of treponemal DNA in patients without oral
ulcers. We conclude that detection of treponemal DNA in the oral cavity with PCR assays is not uncommon in MSM, most of whom
reported having unprotected oral sex. Although the presence of oral ulcers is signiﬁcantly associated with detection of treponemal
DNA, treponemal DNA is more likely to be identiﬁed in patients without oral ulcers who present with secondary syphilis and RPR
titres of 1: 32.
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developed and less developed countries, especially among men
who have sex with men (MSM) [1–3]. The increasing incidence
of syphilis is associated with a higher risk of transmission of not
only human immunodeﬁciency virus (HIV) but also hepatitisClin Microbiol Infect 2015; 21: 787.e1–787.e7
linical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All rights reserved
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787.e2 Clinical Microbiology and Infection, Volume 21 Number 8, August 2015 CMIviruses [4–7]. The possible mechanisms of increased HIV
transmission may be related to disruption of the genital
epithelium, recruitment of HIV target cells to the lesion sites,
and increased HIV viral load [8].
Although syphilis is caused by infection with Treponema
pallidum ssp. pallidum, the causative pathogen cannot be culti-
vated in vitro. Therefore, microbiological diagnosis of syphilis
remains challenging. In clinical practice, diagnosis of syphilis
usually depends on detection of T. pallidum with dark-ﬁeld
microscopic examination of the mucosal or skin lesions; or
serological tests, including non-treponemal tests (rapid plasma
reagin (RPR) or Venereal Disease Research Laboratory) and
treponemal tests (T. pallidum haemagglutination assay,
T. pallidum particle haemagglutination assay (TPPA), ﬂuorescent
treponemal antibody absorption test, treponemal enzyme
immunoassay, or chemiluminescence immunoassay) [9,10]. The
chemiluminescence immunoassay and enzyme immunoassay
have been recommended for conﬁrmation of syphilis by the
International Union Against Sexually Transmitted Infection
(Europe) [10]. Most recently, a PCR assay has been used to
detect T. pallidum in various clinical specimens, facilitating in-
vestigations of molecular epidemiology and detection of mac-
rolide resistance mutations of T. pallidum [11–16].
High rates of PCR detection (60–90%) of T. pallidum from
the genital, oral mucosal or skin lesions of patients presenting
with primary syphilis and secondary syphilis have been re-
ported, which suggests that higher rates of syphilis transmission
may occur during oral sex, which may also enhance the
transmission of HIV [17,18]. Moreover, infection with syphilis
has been found to be associated with oral sex in patients who
seldom or never use condoms [19]. Therefore, the oral cavity is
an important but easily forgotten portal of entry for sexually
transmitted diseases (STDs). Whether T. pallidum can be
identiﬁed in patients with syphilis who do not present with oral
mucosal lesions has rarely been systematically studied. In this
study, we aimed to investigate the prevalence of T. pallidum
infection, with the use of PCR assays, in the oral cavities of
patients who received a diagnosis of syphilis, and to identify the
associated factors.Materials and methodsStudy design and participants
This was a single-centre, prospective survey conducted in in-
fectious diseases clinics between December 2010 and June
2014. During the study period, patients aged 20 years who
presented to the clinics with the diagnosis of any stage of
syphilis, RPR titres of 1: 4 and positive TPPA results were
enrolled. The clinical information collected includedClinical Microbiology and Infection © 2015 European Society of Clinical Microbiology and Infectdemographics, HIV serostatus, sexual preference, CD4 count
and plasma HIV RNA load (in HIV-infected patients), viral
hepatitis co-infection, stage of syphilis, treatment of syphilis, and
serological response after treatment. HIV-uninfected patients
were recruited from a voluntary counselling and testing site for
HIV and STDs at the hospital [20]. The stages of syphilis were
deﬁned according to the Sexually Transmitted Diseases Treat-
ment Guidelines of the US CDC [21]. The HIV case manage-
ment programme implemented by Taiwan’s CDC to control
HIV and STDs requires face-to-face interviews to inquire about
the risks for syphilis to be conducted, and counselling to be
offered by case managers and treating physicians to those who
receive a diagnosis of STD. The study was approved by the
Research Ethics Committee of the hospital, and written
informed consent was obtained from each patient.
Collection of clinical specimens
All appropriate clinical specimens were collected with the use of
swabs (CultureSwab EZ; BD, Franklin Lakes, NJ, USA) before
the patients received antibiotic treatment for syphilis. For pa-
tients with oral lesions involving the mucosa of the oral cavity
(the gingiva, soft palate, hard palate, mouth ﬂoor, and tongue) or
the lips (Fig. S1A,1B) who were diagnosed as having syphilis of
any stage, the swabs were pressed and rolled over the lesions.
The exudates expressed on the lesions were absorbed onto the
swabs. For syphilis patients without any visible oral or lip
mucosal lesions, the swab specimens were collected by rolling
the swabs over the upper and lower gingiva, tonsils, hard palate,
and soft palate. In addition, concomitant collection of other
clinical specimens, including swabs from the genital or anal ul-
cers in patients with primary syphilis, plasma from patients with
secondary syphilis and early latent syphilis, and cerebrospinal
ﬂuid from patients with neurosyphilis, was performed; and all of
the specimens were subjected to treponemal PCR assays.
Laboratory investigations
Treponemal DNA was extracted from clinical specimens with
the Qiagen DNA minikit (Qiagen, Hildens, Germany), accord-
ing to the manufacturer’s protocol. The presence of T. pallidum
was determined by the ampliﬁcation of the polymerase I gene
(polA), as previously described [12,13], with positive and
negative controls for T. pallidum being included. The detection
of macrolide resistance mutations (A2058G or A2059G) in the
23S rRNA gene was performed with PCR–restriction fragment
length polymorphism [14,15]. Molecular typing was performed
on the basis of three treponemal genes: the number of 60-bp
repeats in the acidic repeat protein gene (arp); the PCR–re-
striction fragment length polymorphism patterns of T. pallidum
repeat genes, including tprE, tprG, tprJ, and tprC; and the
sequence of a short region (131–215 bp) in tp0548 [16].ious Diseases. Published by Elsevier Ltd. All rights reserved, CMI, 21, 787.e1–787.e7
CMI Yang et al. Treponema pallidum and oral chancre 787.e3Plasma HIV RNA load was quantiﬁed with the Cobas
Amplicor HIV-1 Monitor test (Cobas Amplicor version 1.5;
Roche Diagnostics Corporation, Indianapolis, IN, USA), with a
lower detection limit of 20 copies/mL, and the CD4 lymphocyte
count was determined with FACFlow (BD FACS Calibur,
Becton Dickinson, San Jose, CA, USA).
Serological tests for syphilis included the RPR test (Macro-
Vue TMRPR Card tests; Becton Dickinson BD Microbiology
Systems, Sparks, MD, USA) and the T. pallidum particle agglu-
tination test (FTI-SERODIA-TPPA; Fujirebio Taiwan, Taoyuan,
Taiwan). According to the national HIV treatment guidelines in
Taiwan, testing for RPR titres was performed once every
3–6 months, depending on occurrences of syphilis and treat-
ment. For patients with early syphilis (primary, secondary and
early latent syphilis) presenting for treatment, RPR titres were
determined every 3 months for 1 year [22]; and for those who
had no syphilis or had syphilis that had been treated for
>1 year, RPR titres were determined every 6 months, along
with determinations of CD4 count and plasma HIV viral load.
For HIV-uninfected patients with syphilis who were receiving
syphilis treatment, RPR titres and HIV serostatus were deter-
mined every 3 months at the voluntary counselling and testing
site.TABLE 1. Clinical characteristics of the 240 patients with 267 case
All cases
(n [ 267)
Primary
syphilis
(n [ 38)
Second
syphilis
(n [ 7
Age (years), mean (SD) 33.1 (7.2) 34.3 (6.9) 30.0 (7.
Male gender, n (%) 267 (100) 38 (100) 76 (10
Sexual preference, n (%)
MSM 267 (100) 38 (100) 76 (10
Oral lesionsa, n (%)
With oral ulcers 22 (8.2) 17 (44.7) 0 (0)
Without oral ulcers 245 (91.8) 21 (55.3) 76 (10
Oral swab, n (%)
PCR positive 113 (42.3) 13 (34.2) 49 (64
PCR negative 154 (57.7) 25 (65.8) 27 (35
Oral sexb, n (%) 238 (89.1) 35 (92.1) 67 (88
Condom usec, n (%)
<50% 210 (78.7) 32 (84.2) 60 (78
>50% 25 (9.4) 3 (7.9) 5 (6.
100% 4 (1.5) 0 (0) 2 (2.
Unknown 29 (10.9) 3 (7.9) 9 (11
HIV infection, n (%) 242 (90.6) 32 (84.2) 68 (89
CD4 (cells/mm3), mean (SD) 520 (255) 429 (181) 498 (24
Log10 HIV RNA (copies/mL), mean (SD) 2.21 (1.39) 2.38 (1.47) 2.35 (1.
On cART 197 (81.4) 26 (81.3) 52 (76
RPR titre, median (IQR) 64 (32–128) 64 (32–256) 128 (64
Log2 RPR titre 5, n (%) 212 (79.4) 32 (84.2) 69 (90
HBsAg, n (%)
Positive 30 (11.2) 3 (7.9) 7 (9.
Negative 207 (77.5) 30 (78.9) 59 (77
Unknown 30 (11.2) 5 (13.2) 10 (13
Anti-HCV antibody, n (%)
Positive 21 (7.9) 3 (7.9) 6 (7.
Negative 222 (83.1) 30 (78.9) 61 (80
Unknown 24 (9.0) 5 (13.2) 9 (11
HCV seroconversiond, n (%) 6 (2.2) 0 (0) 1 (1.
cART, combination antiretroviral therapy; HBsAg, hepatitis B surface antigen; HCV, hepatitis
have sex with men; NA, Not applicable; RPR, rapid plasma reagin; SD, standard deviation.
a‘Oral lesions’ refers to mucosal ulcers on the mucosa of the oral cavity (the gingiva, soft p
b‘Oral sex’ was deﬁned as having had oral sex within 3 months before the diagnosis of syph
c‘Condom use’ was deﬁned as the frequency of condom use during sexual activity within 3
d‘HCV seroconversion’ was deﬁned as seroconversion of anti-HCV antibody within 12 mon
Clinical Microbiology and Infection © 2015 European Society of Clinical Microbiology and InStatistical analysis
All statistical analyses were performed with SPSS version 18.0
(SPSS, Chicago, IL, USA). Categorical variables were compared
by the use of Fisher’s exact test or the chi-square test. Non-
categorical variables were compared by use of the Mann–
Whitney U-test. Factors with a p-value of 0.2 or biological
signiﬁcance were included in the multivariate analysis. All
comparisons were two-tailed and a p-value of <0.05 was
considered to be signiﬁcant.ResultsDuring the 4-year study period, 240 patients with 267 episodes
of syphilis were enrolled, including 242 episodes (90.6%)
occurring in HIV-infected patients and 25 episodes (9.4%)
occurring in HIV-uninfected patients. The characteristics of the
patients with different stages of syphilis are shown in Table 1. All
of the patients were male, and their sexual preference was MSM.
Among the 240 HIV-infected patients, 197 (82.1%) of whom
were receiving combination antiretroviral therapy when a
diagnosis of syphilis was made, the mean CD4 count was 520
cells/mm3 and the plasma HIV RNA load was 2.21 log10 copies/s of syphilis
ary
6)
Primary +
secondary
syphilis (n[ 21)
Early latent
syphilis
(n [ 125)
Late latent
syphilis
(n [ 5)
Neurosyphilis
(n [ 2)
3) 33.4 (7.5) 34.5 (6.7) 32.4 (2.9) 40.5 (0.71)
0) 21 (100) 125 (100) 5 (100) 2 (100)
0) 21 (100) 125 (100) 5 (100) 2 (100)
4 (19.0) 0 (0) 0 (0) 1 (50.0)
0) 17 (81.0) 125 (100) 5 (100) 1 (50.0)
.5) 13 (61.9) 35 (28.0) 2 (40.0) 1 (50.0)
.5) 8 (38.1) 90 (72.0) 3 (60.0) 1 (50.0)
.2) 19 (90.5) 111 (88.8) 5 (100.0) 1 (50.0)
.9) 15 (71.4) 97 (77.6) 5 (100) 0 (0)
6) 4 (19.0) 12 (9.6) 0 (0) 1 (50.0)
6) 0 (0) 2 (1.6) 0 (0) 0 (0)
.8) 2 (9.5) 14 (11.2) 0 (0) 1 (50.0)
.5) 16 (76.2) 120 (96.0) 4 (80.0) 2 (100)
0) 464 (225) 570 (269) 613 (331) 90 (104)
43) 3.20 (1.52) 1.88 (1.19) 3.02 (1.58) 5.18 (0.72)
.5) 9 (56.2) 107 (89.2) 3 (75.0) 0 (0)
–256) 128 (64–256) 64 (16–128) 32 (8–32) NA
.8) 20 (95.2) 86 (68.8) 3 (60.0) 2 (100)
2) 4 (19.0) 15 (0.12) 1 (20.0) 0 (0)
.6) 12 (57.1) 101 (80.8) 3 (60.0) 2 (100)
.2) 5 (23.8) 9 (7.2) 1 (20.0) 0 (0)
9) 1 (4.8) 11 (8.8) 0 (0) 0 (0)
.3) 16 (76.2) 109 (87.2) 4 (80.0) 2 (100)
.8) 4 (19.0) 5 (4.0) 1 (20.0) 0 (0)
3) 0 (0) 4 (3.2) 11 (20.0) 0 (0)
C virus; HIV, human immunodeﬁciency virus; IQR, interquartile range; MSM, men who
alate, hard palate, mouth ﬂoor, and tongue) or the lips suggesting chancres.
ilis was made.
months before the diagnosis of syphilis was made.
ths after the diagnosis of syphilis was made.
fectious Diseases. Published by Elsevier Ltd. All rights reserved, CMI, 21, 787.e1–787.e7
FIG. 1. Yield rates of PCR assay for detection of polymerase A (polA),
arp, tpr and tp0548 genes from oral swabs in patients with or without
oral ulcers.
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episodes of syphilis seroconverted for HIV during the follow-up.
Among the 267 episodes of syphilis, oral ulcers consistent with
chancres (Fig. S1A, 1B) were found in 22 cases (8.2%). Of 38 cases
of primary syphilis only, 17 cases (44.7%) showed concurrent oral
ulcers, and treponemal DNA was identiﬁed in 13 (34.2%) of the
38 oral swab specimens, all from patients with oral ulcers (76.5%,
13/17). More than 60% (64.5%) of the oral swab specimens from
patients with secondary syphilis or patients with both primary and
secondary syphilis were positive for T. pallidum by PCR assay,
regardless of the presence of oral ulcers. Among patients with
early latent syphilis and late latent syphilis who had visually intact
oral mucosa, T. pallidumDNAwas detected in 28.0% and 40.0% of
the oral swab specimens, respectively. On face-to-face interview,
nearly 90% (89.1%) of the patients with any stage of syphilis re-
ported having had oral sex, and only 1.5% of the patients
consistently used condoms for either ano-genital sex or oral sex
within 3 months before syphilis diagnosis (Table 1).
In the univariate analysis including all patients, we found that
younger age (31.4 ± 6.5 years vs. 34.4 ± 7.3 years, p = 0.001),
the presence of oral ulcers (15/22 (68.2%) vs. 98/245 (40.0%),
p = 0.01), secondary syphilis (43.4% vs. 17.4%, p < 0.001), a
higher median RPR titre (128 vs. 64, p = 0.002) and RPR titres
of 1: 32 (90.3% vs. 71.6%, p < 0.001) were associated with
detection of treponemal DNA by PCR assays of the oral swab
specimens (data not shown).
The results of univariate and multivariate analyses of factors
associated with detection of treponemal DNA by PCR assays
of the oral swab specimens in the 245 cases without oral ul-
cers are shown in Table 2. Secondary syphilis (46.9% vs.
18.4%), a CD4 lymphocyte count of 200–350 cells/mm3, a
higher median RPR titre (128 vs. 32) and an RPR titre of 1:
32 (88.8% vs. 70.0%) were found to be associated with
detection of treponemal DNA in univariate analysis. InClinical Microbiology and Infection © 2015 European Society of Clinical Microbiology and Infectmultivariate analysis, we found that presentation with sec-
ondary syphilis was statistically signiﬁcantly associated with
detection of treponemal DNA in the oral cavity in those pa-
tients who did not present with oral ulcers, with an adjusted
OR of 6.79 (95% CI 1.97–23.38).
At screening, 95 of 113 oral swab specimens (84.1%) that
were positive for polA were also positive for 23S rRNA, and
only one strain of T. pallidum (1.1%) harboured the A2058G
mutation, which confers macrolide resistance. Yield rates of
PCR assays used to detect polA (screening), arp, tpr and tp0548
in the oral swab specimens from patients with or without oral
ulcers are shown in Fig. 1. Consistently higher yield rates for
detection of polA (68.2% vs. 40.0%), arp (40.9% vs. 14.7%), tpr
(54.5% vs. 23.7%) and tp0548 (54.5% vs. 33.1%) were found in
the swab specimens from patients with oral ulcers than in those
from patients without oral ulcers.
The full genotypes of T. pallidum identiﬁed from the oral
swab specimens were determined, and the distribution is
shown in Fig. 2. Of the 113 ampliﬁable specimens, 45 (40.0%)
were positive for all tpr, arp and tp0548 genes, yielding seven
full subtypes. Regarding the distribution of genotypes, 14f/f was
the most common subtype (28/45, 62.2%), followed by 14b/c
(9/45, 20%), 14a/f (3/45, 6.7%), 10b/a (2/45, 4.4%), 13b/a (1/45,
2.2%), 14b/a (1/45, 2.2%), and 14b/f (1/45, 2.2%). Treponemal
DNA was concomitantly identiﬁed from clinical specimens
other than oral swabs in 33 patients, 31 of whom (93.9%) had
infections with the strains from other specimens that were of
the same genotypes as those strains detected from the oral
swabs. Two patients had infections with strains that differed in
genotype between oral swabs and other specimens. Both pa-
tients were diagnosed as having secondary syphilis, and the
specimens for detection of treponemal DNA were oral swabs
and plasma. In one patient, the molecular subtype of the strain
from the oral swab specimen (without oral ulcers) was 14/b/c,
and the molecular subtype of the strain from the plasma
specimen was a/f. In the other patient, the molecular subtype of
the strain from the oral swab was /j/, and the molecular subtype
of the strain from plasma was b/c.DiscussionIn this study, we found that younger age (31.4 ± 6.5 years vs.
34.4 ± 7.3 years), oral ulcers (15/22 (68.2%) vs. 98/245
(40.0%)), secondary syphilis (43.4% vs. 17.4%), a higher median
RPR titre (128 vs. 64) and an RPR titre of 1: 32 (90.3% vs.
71.6%) were statistically signiﬁcantly associated with detection
of treponemal DNA, with PCR assays, from the oral swab
specimens in patients with syphilis. The rate of detection of
treponemal DNA in the oral swab specimens collected fromious Diseases. Published by Elsevier Ltd. All rights reserved, CMI, 21, 787.e1–787.e7
TABLE 2. Univariate and multivariate analysis of the factors associated with positive PCR results for Treponema pallidum in patients
without oral ulcers
Univariate analysis Multivariate analysis
Oral swab with
positive PCR
result (n [ 98)
Oral swab with
negative
PCR result
(n [ 147) p Adjusted OR 95% CI p
Age (years), mean (SD) 31.2 (6.6) 34.3 (7.4) 0.11 0.96 0.92–1.00 0.08
Male gender, n (%) 98 (100) 147 (100) — — — —
Sexual preference, n (%)
MSM 98 (100) 147 (100) — — — —
Syphilis stage, n (%) <0.001
Primary 4 (4.1) 17 (11.6) 1 — —
Secondary 46 (46.9) 27 (18.4) 6.79 1.97–23.38 0.002
Other stages 48 (49.0) 103 (70.0) 1.83 0.56–5.97 0.32
Oral sex, n (%) 91 (92.9) 129 (87.8) 0.65 2.87 0.21–39.56 0.43
Condom use, n (%) 0.39
<50% 79 (80.6) 115 (78.2) 1 — —
>50% 9 (9.2) 13 (8.8) 0.15 0.01–2.17 0.16
100% 3 (3.1) 1 (0.7) 0.16 0.01–1.97 0.15
Unknown 6 (6.1) 18 (12.2) — — —
HIV infection, n (%) 86 (87.8) 135 (91.8) 0.38 — — —
CD4 200 4 (4.7) 6 (4.4) 1 1 — —
CD4 >200, CD4 350 22 (22.4) 19 (14.1) 0.025 1.51 0.32–7.11 0.6
CD4 >350 60 (61.2) 110 (81.5) 0.05 0.77 0.19–3.14 0.72
PVL <20 copies/mL, n (%) 49 (50.0) 72 (53.3) 0.58 1.57 0.82–2.99 0.17
On cART, n (%) 72 (73.5) 111 (82.2) 0.86 — — —
RPR titre, median (IQR) 128 (64–256) 32 (16–64) <0.001 — — —
RPR titre 1: 32 87 (88.8) 103 (70.0) 0.001 2.23 1.02–4.89 0.045
HBsAg, n (%) 0.84
Positive 11 (11.2) 19 (12.9) 0.81 0.32–2.05 0.66
Negative 73 (74.5) 113 (76.9) 1 — —
Unknown 14 (14.3) 15 (10.2) — — —
Anti-HCV antibody, n (%) 1
Positive 8 (8.2) 12 (8.2) 1.01 0.34–3.03 0.99
Negative 78 (79.6) 124 (84.4) 1 — —
Unknown 12 (12.2) 11 (7.5) — — —
HCV seroconversion, n (%) 2 (2.0) 4 (2.7) 1 1.06 0.14–7.74 0.96
cART, combined antiretroviral therapy; HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; HIV, human immunodeﬁciency virus; IQR, interquartile range; MSM, men who
have sex with men; PVL, plasma HIV RNA load; RPR, rapid plasma reagin; SD, standard deviation.
CMI Yang et al. Treponema pallidum and oral chancre 787.e5patients without oral ulcers was strikingly high (40.0%), and was
associated with secondary syphilis in multivariate analysis.
Recently, the incidence rates of primary and secondary
syphilis have been increasing, especially among MSM and post-
adolescent individuals (aged 20–24 years) [1]. In addition, a
high level of association between syphilis and HIV acquisition
has already been noted among MSM worldwide [20,23–26].
On most of these occasions, unprotected sexual intercourse
has been shown to increase the risks of syphilis and HIV
transmission [20,26]. Although information, education and
communication to promote safe practices have been providedFIG. 2. Distribution of genotypes of Treponema pallidum strains.
Clinical Microbiology and Infection © 2015 European Society of Clinical Microbiology and In[1], the message of safe sex may be received and interpreted
in the context of genital-to-genital or genital-to-anus sex.
Although the detection of T. pallidum DNA from the oral
mucosa in our study does not translate to the presence of
viable, infectious T. pallidum, our ﬁnding of a high percentage of
detectable treponemal DNA (40.0%) in patients with visually
intact oral mucosa implies that the oral cavity could possibly
serve as a neglected portal of entry for T. pallidum, and that
oral sex could be a neglected transmission route. The same
scenario of transmission of syphilis through unprotected oral
sex has been observed for the transmission of Neisseria gon-
orrhoeae and Chlamydia trachomatis from the oropharynx to
the urethra, or vice versa, and the oropharynx could be a
reservoir of sexually transmitted pathogens in asymptomatic
MSM [27]. Thus, the high prevalence of detectable T. pallidum
in the oral cavities of asymptomatic patients in our study
should serve as a reminder to those who provide treatment
and counselling to the patients, as well as the individuals who
practise unprotected oral sex, with regard to ongoing syphilis
transmission.
Our study is the ﬁrst to systematically perform PCR assays
for detection of T. pallidum infection in the oral cavities of pa-
tients with syphilis, regardless of the presence of oral ulcersfectious Diseases. Published by Elsevier Ltd. All rights reserved, CMI, 21, 787.e1–787.e7
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tations to our study, and the results should be interpreted with
caution. First, the rate of detection of treponemal DNA could
be underestimated in patients without oral ulcers, owing to
limitations of the current detection methodology. However,
there were no reference rates in previously published studies,
and the frequency of the presence of treponemal DNA in the
oral cavity in our study (40.0%) is substantial. Second, oral ul-
cers are easier to identify, and oral mucosa patches may be
present in patients with secondary syphilis; however, the oral
mucosa patches of syphilis may be too subtle and be over-
looked by the treating physicians, leading to misclassiﬁcation of
syphilis stage. Third, the stages of primary and secondary
syphilis are deﬁned according to the presenting symptoms in
clinical practice. For the patients in whom syphilis progresses
from the primary stage to the secondary stage but without
detectable residual chancres or mucocutaneous lesions, there
are no good surrogate markers to differentiate between the
two stages, and the clinical stage may also be misclassiﬁed.
In conclusion, detection of treponemal DNA in the oral
cavity with PCR assays is not uncommon in MSM who
practise unprotected oral sex, even in the syphilitic individuals
with apparently intact oral mucosa. Barrier protection to
prevent transmission of STDs at all points of sexual contact,
including oral–genital or oral–anal contacts, cannot be
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